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Abstract. Until now, the detailed interpretation of the 
observed microlensing events has suffered from the fact 
that the physical parameters of the phenomenon cannot 
be uniquely determined from the available astronomical 
measurements, i.e. the photometric lightcurves. The situ- 
ation will change in the near-future with the availability 
of long-baseline, sensitive optical interferometers, which 
should be able to resolve the images of the lensed objects 
into their components. For this, it will be necessary to 
achieve a milliarcsecond resolution on sources with typi- 
cal magnitudes K ^ 12. Indeed, brighter events have never 
been observed up to now by micro- lensing surveys. We 
discuss the possibilities opened by the use of long base- 
line interferometry in general, and in particular for one 
such facility, the ESO VLT Interferometer, which will at- 
tain the required performance. We discuss the expected 
accuracy and limiting magnitude of such measurements. 
On the basis of the database of the events detected by the 
OGLE experiment, we estimate the number of microlenses 
that could be available for measurements by the VLTI. We 
find that at least several tens of events could be observed 
each year. In conjunction with the photometric data, our 
ability to measure the angular separation between the mi- 
crolensed images will enable a direct and unambiguous 
determination of both their masses and locations. 

Key words: Gravitation - Instrumentation: interferome- 
ters - Techniques: interferometric - Gravitational lensing 



1. Introduction 

The phenomenon of gravitational lensing, or multiple 
splitting of the image of a distant source in the gravi- 
tational field of an intervening object (a star, a galaxy, 
or a galaxy cluster), is perhaps one of the more spec- 
tacular demonstrations of the effects of general relativ- 
ity. Gravitational lensing has been studied theoretically 



for many years (see e.g. Schneider et al. 1992| ), and has 
become an observed phenomenon with the discovery of 
the twin quasar Q0957-h 561 ([Walsh et al. 19791). Many 



gravitational lensing systems have been discovered since, 
and the subject has grown into a very mature branch of 
astronomy. 

In this paper we focus on the gravitational microlens- 
ing. This term, introduced by Paczyhski (1986), describes 



gravitational lensing which can be detected only by mea- 
suring the intensity variation of a macroimage made of 
any number of unresolved microimages. An example of 
such an event occurs when a source star in the galactic 
bulge, or the LMC, is gravitationally lensed by the stars, 
or possibly other massive compact object, in our Galaxy. 
Paczynski (1986) suggested that photometric surveys of 
^ 10^ stars in the Magellanic Clouds over time scales of 
2 hrs to 2 yrs should reveal, via microlensing effect, the 
massive, compact, dark objects in the Galactic halo. 

Practical realisation of this proposal turned out to 
be possible just a few years later and several mi- 
crolensing observing programs were conducted: MACHO 
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( Alcock et al. 1993D EROS ( [Aubourg et al. 1993D OGLE 
( ludalski et al. 1992| ), and DUO ( |Alard et al. 1995] ). After 
providing the 'proof of existence', that is the discovery of 
the gravitational microlensing in the Local Group, these 
programs aimed at the estimation of the lens population 
mass function, the optical depth to gravitational lensing 
in the Galaxy, and fundamental limits on the possible con- 
tribution to the total mass of the galactic halo from the 
massive, compact, and not directly observable, objects. 
Paczynski 1996| provides a comprehensive review of the 
subject and requisite theory of gravitational microlensing. 

The splitting power of a compact lens of a mass of or- 
der of 1 Mq and located within a few kpc from us is only 
sufficient to separate the source images by about 1 mil- 
liarcsec (mas), which is not resolvable by even the largest 
individual optical telescopes. However, in a relatively near 
future this situation will change. As we argue in this paper, 
the successful development of large optical interferome- 
ters, e.g. VLTI or Keck, will allow us, in conjunction with 
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ongoing microlensing searches (which will provide prompt 
alerts) to follow the microlenses in real time, to spatially 
resolve them, to measure their image separations, and es- 
sentially to change the whole phenomenological framework 
of quantitative study of these events. 

The main goal of this paper is to discuss the observa- 
tional aspects of such studies, and to provide a statistical 
estimate of the performence of the method and of its ap- 
plicability. 

2. Micro-lensing problem and interferometry 

The quantitative description of a simple single compact 
lens event depends on three physical parameters: the lens 
mass, M , its effective distance from us, D, and the relative 
angular velocity of the source and the lens, V. The effec- 
tive distance is a combination of the lens and source dis- 
tances, but in the Local Group microlensing observations 
the source distance is usually known. The photometric 
measurements of the individual lensing events cannot dis- 
entangle those three physical lens parameters. Indeed, typ- 
ically only one constraint on those three parameters can 
be derived from the measured magnification history. In a 
few long duration events the auxiliary measurements were 
possible, since the effects of the motion of the Earth on 
the photometric variation of the images were discernible, 
and permitted to estimate the transverse velocity of the 
lens. This allows to derive two constraints on three param- 
eters, and to reduce the parametric degeneracy of the lens 
model. In such rare cases the individual lens mass could be 
estimated as a function of the remaining unknown physical 
quantity, namely the exact distance to the lens. Interfer- 
ometric measurements of the spatial extent of the lensing 
event, i.e. the angular separation of the images, or the am- 
plitude of the light centroid wobble, will provide precious 
additional information with which unambiguous solutions 
for all lens parameters will be possible. 

Two interferometric methods can be used to obtain 
the measurements of the angular scale of the microlensing 
event. One involves the high accuracy visibility measure- 
ments (described in Sect. |3.l| ), which determine directly 
the image separation. The other is the micro-arcsecond 
astrometry (see Sect. |3.2| ), which allows to measure the 
amplitude of the angular motion of the total image photo- 
center. 

The photo-center of the image pair moves during the 
microlensing event and its location on the sky may wobble 
by up to a half of the lens-source angular separation. The 
amplitude of the photo-center wobbling depends strongly 
on the distance to the lens, and is maximised when the 
lens is located at mid-distance to the source. In this case, 
the amplitude of the wobbling can reach a few hundred 
micro-arcseconds. For example, with an image intensity 
ratio of 10, and a maximum image angular separation of 
1 mas, the wobbling amplitude would be of the order of 
450 /xarcsec. 
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Fig. 1. Two representations of a microlensing event with 

D source = 8 kpC, Miens = 10 Mq, Aeris = 4 kpC, and 

impact parameter of 1 mas. The radius of the Einstein 
ring for this event is te = 3.2 mas. Top panel — The 
background source position is fixed on the sky (small grey 
dot at (x,y) = (0, —1) mas, and the lens is moving along 
the X axis. Instantaneous pairs of lensed images are con- 
nected by the lines passing through the consecutive lens 
positions. Bottom panel — The lens position is fixed at 
the center of the frame, and the source position is shown 
moving along the line y = —1 mas. 

A simple model of evolution of the configuration of 
microlensed images of a background star is shown in Fig. ^ 
The event is shown in two reference frames with either 
the fixed position of the background source and the lens 
moving in front of it (more natural for our discussion) , or 
vice versa (usually preferred in microlening literature). 

3. Interferometric observations 

We consider a simple model of interferometric observa- 
tions, which treats the microlensed image of a star as a 
compact double star, which can not not be resolved by 
individual optical telescopes (e.g. 1.8 or 8 m in the case of 
the VLTI). The elongation of each image due to the lens- 
ing effect is now assumed unresolved (but see Sect. p.4|for 
further discussion of this point). The angular separation 
of the two images, of the order of a few milli-arcsec can 
be resolved by an interferometer as follows. 
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Fig. 2. A simple model of a double image of a gravita- 
tionally lensed star. The reference point can be arbitrary 
or can be the reference star when using the ESO VLTI 
PRIMA facility (Phase Referenced Imaging and Micro- 
arcsecond Astrometry). 
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Fig. 3. Typical visibility curve as a function of the inter- 
ferometer baseline (projected on the star splitting direc- 
tion). The interferometer baseline is expressed in terms of 
observing wavelength. 



It is usually stated that an interferometer comprising 
two telescopes separated by a certain baseline B has a re- 
solving power of a single telescope of diameter B. But in 
practice a better performance can be achieved with ob- 
servations of simple objects whose spatial structure can 
be easily modeled, like double stars, and interferomet- 
ric observations can be used to effectively determine the 
model parameters (such as the star separation) beyond 
the simple resolution limit set by the baseline. This can 
be achieved either by accurate measurements of the fringe 
visibility, or by measuring the phase (i.e. the distance of 
the binary image photo-center to a reference star) with a 
very high accuracy. (This accuracy is expected to be at the 
level of 10 /Ltarcsec in the astrometric mode of the VLTI.) 

We proceed with discussion of both methods. 

3.1. Visibility measurements 

The microlensed image can be modeled (see Fig. ^ by 
two point sources, separated by a distance S (projected 
on the interferometer baseline B), and with an intensity 
ratio i?, which is related to the photometric amplification 
A measured by the gravitational microlensing programs 
as follows: 

A-l ^ ' 

We shall limit our modeling to this 1-dimensional prob- 
lem. The spatial function describing the model is given by: 
f{x)=R6{xo-S/2) + 6{xo + S/2), (2) 
where xq is the distance from the reference star to the 
mid-point between the two images, and x is the spatial 
coordinate (along the interferometer baseline). 

The complex visibility measured by an interferome- 
ter, as a function of the interferometer baseline, B, is the 



Fourier transform of the spatial structure of the observed 
object ( iMcAhster 1988]) : 



F{u) = Re 



i27™(2;o-i'72) I i2Tru(xo+S/2} 



(3) 



where u ~ B/\, and A is the wavelength of observations. 

The fringe scalar visibility, V, is the modulus of this 
Fourier transform, normalized by the total object intensity 
(i? + 1). It is equal to: 

\F{u)\ _ ^i?2 + 1 + 2 i? cos{2nuS) 



Viu) = 



(4) 



R+1 R+1 
This is a cosinusoidal function varying between 

and 1 (amplitude ■j^p[) with a period u = 1/S (see Fig. ||). 

For small separations, barely resolvable by the inter- 
ferometer {uS <S 1), the cosine function can be approx- 
imated by a parabola and the squared visibility is given 
by: 



(i?+l)2 

From this equation, we can compute the absolute error 
on the star separation as a function of the measurement 
error on the visibility. Since the the measurement errors 
on the intensity ratio are driven by photometric accuracy, 
and the baseline B is measured accurately via the interfer- 
ometric calibration, the error on the measured visibility is 
usually the dominant error source in the determined im- 
age separation. The absolute error on the separation (in 
radians) is then given by: 

,S.i^}L,V. (6) 

Att^Rv? S ^ 
Let us assume that an object with the image inten- 
sity ratio of ~ 10 is observed at wavelength A = 2.2 /im 
with a baseline of 130 m, the maximum separation between 
the largest VLTI telescopes. If the accuracy of dV ~ 1% 
is achieved in the measurements of visibility, VLTI can 
detect a variation in the image separation as small as 
dS 30 /zarcsec, and this sensitivity improves with de- 
creasing intensity ratio. The stated 1 % accuracy of the 
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measurement of visibility is expected with a good VLTI 
performance, to be achieved in observations of relatively 
bright objects — under very favourable circumstances this 
could be even up to a factor of 10 better. Later on we dis- 
cuss this point more specifically in the context of expected 
performance of particular VLTI instruments. 

With larger image separations only a few measure- 
ments of the visibility curve as a function of the baseline 
during a night are sufficient to constraint the simple dou- 
ble star model and to determine the image angular sepa- 
ration with the same accuracy. A typical interefrometric 
measurement has a cumulated observation time of 30 min 
on the star in order to average atmospheric effects; it is 
made of numerous shorter exposures (0.1 to typically 10 s 
with fringe tracking) and is accompanied by observations 
on calibration stars. Observation nights shall then be per- 
formed several times at intervals of days or weeks in order 
to obtain the time curve of the microlensing event. 

Succesful measurements of the temporal evolution of 
the angular separation allow to determine the transverse 
velocity of the microlens. Thus, in principle, the mea- 
surement of the angular separation of the images and its 
time variation during the event, together with the esti- 
mate of the background source distance (obtained by other 
means), allow a complete determination of all microlcnse 
parameters, M, D and V. 

3.2. Astrometric measurements 

Not only the image angular separation but also the photo- 
center location of the image pair can be measured by in- 
terferometry, using a special technique called narrow-angle 
astrometry. The astrometric observation method consists 
of the following. Two stars (a relatively bright reference 
one and the microlensed one), separated by up to some 
tens of arcsecond, are observed simultaneously with the 
interferometer. The configuration of the interferometer is 
such that fringes can be obtained simultaneously for both 
stars. Therefore, the interferometer must introduce a dif- 
ferential OPD (Optical Path Difference) between both star 
paths, linked intrinsically to the angular separation (pro- 
jected on the baseline) between the stars. An internal 
metrology measures very accurately the differential OPD, 
or the angular separation of the stars (reference and tar- 
get). With a 100 m baseline interferometer, a star separa- 
tion of 10 arcsec, an integration time of 30 min (to average 
the perturbing atmospheric effects), and a metrology ac- 
curate at the 5 nm level, one can reach a distance acc uracy 
measurement of 10 /iarcsec ( ^hao fc Colavita 1992aD . 

The astrometric measurements require specially de- 
signed interferometers like the PTI (Palomar Testbed 
Interferometer), the Keck- Interferometer, or the VLTI. 
The PTI currently reaches an accuracy better than 
100 /.tarcsec, while the Keck-I and VLTI plan to reach 
the 10 /^arcsec accuracy level. In this paper, we consider 
the VLTI equipped with PRIMA, as described in Sect. 4. 



As with the visibility measurements, the measurement 
of the angular astrometric wobble of the lensed star im- 
age centroid as a function of time allows to solve indepen- 
dently for the lens mass and for the transverse velocity, 
provided the source distance is known. 

3.3. Numerical examples 

Here we present two examples of the photometric and visi- 
bility curves, and the astrometric photocenter wobble that 
could be measured during microlensing events specified as 
follows: 

1. a source located in the galactic bulge (distance 8 kpc), 
lensed by a 10 Mq black hole, located at mid-distance, 
which passes by the line of sight to the source at 1 mas, 

2. a source located in the Large Magellanic Cloud (dis- 
tance 50 kpc), lensed by a IMq halo object located 
at 10 kpc, which also passes by the line of sight to the 
source at 1 mas. 

Both cases were studied over a range of separations 
between the lens and the source from 5 Einstein radia to 
the point of the closest approach. The microlensing event 
aspect and the interferometric results for case 1 and 2 are 
shown in Figs. ^ and ^ respectively. 

These results show that both case 1 and case 2 can 
be studied with an interferometer performing either vis- 
ibility measurements with a 1% accuracy, or astrometric 
measurements with a 10 /xarcsec accuracy. 

We have also computed the lens mass limits for appli- 
cation of interferometric methods to study lenses in both 
Galactic Bulge and Large Magellanic Cloud. We kept the 
source and lens distances to the observer fixed and we con- 
sidered a minimum angular separation between the lens 
and the source line of sight of Imas, as in the examples 
above. We considered separately measurements by visi- 
bility and by astrometry, with assumed accuracies of 1% 
and 10 /iarcsec respectively. The minimum lens masses for 
which an interferometric signal can be detected are (visi- 
bility and astrometric limits in this order): 

— in the Galactic Bulge case, 0.05 Mq and 0.01 Mq 

— in the Large Magellanic Cloud case, 0.1 Mq and 
0.05 Mq. 

It should be noted that, in all these cases, the detection 
limit is below the photometric detection threshold. The 
mass limit for a 1% photometric amplification is 0.1 Mq 
in both cases. The detection limit of photometric surveys 
is usually much larger than 1%. There is no upper mass 
limit to the interferometric methods. 

The limitations of interferometry for microlensing are 
linked to the magnitude of the lensed object and to the 
availability of an array with many different baselines. Until 
now optical interferometers did not reach sufficient sen- 
sitivity. Moreover, interferometric measurements on sev- 
eral baselines on the same night are needed to get either 
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Fig. 4. Results of the simulation of the microlensing event with the following parameters: Dsource = 8 kpc, Miens — 
10 Mq, Diena = 4 kpc, Einstoln ring radius ve = 3.2 mas, and the impact parameter of 1 mas. The microlensing 
event is sampled at discrete values of the lens-star angular separation as indicated on the photometric curve. Upper 
left: the photometric curve as a function of position of the lens. Upper right: the sky projection of the microlensing 
event showing the trajectory of the lens and the double images (the gray scale illustrates the image intensities), and 
the Einstein ring. Lower left: The visibility curves of the double-image for 8 points between the maximum (5 rs) and 
minimum source-lens separation in the simulation. Lower right: the photo-center wobble as a function of time relative 
to the unlensed source position (crosses: along x-axis; stars: along y-axis; solid line: distance). 

the visibility curve as a function of the baseline, or the overcome by the generation of large interferometers cur- 
2-dimensional centroid wobble. Both limitations will be rently under completion. 
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Fig. 5. Results of the simulation of the microlensing event with the following parameters: Dsource = 50 kpc, Miens — 
IMq, Diens — 10 kpc, Einstein ring radius rE — 0-8 mas, and the impact parameter of 1 mas. Panel description is 
the same as for Fig. (4). 



3.4- Image elongation effect 

Depending on how close the lens is passing to the source 
line of sight and on the background source diameter, the 
2 individual images of the source can be more or less elon- 
gated (see Fig. ||), and in the perfectly symmetric case of 
coaligned observer, lens, and source the lensed inmage is 
an Einstein ring. Hence, in principle, in some particular 
cases the image elongation could be resolved by an inter- 



ferometer and could influence significantly the visibility 
and astrometric measurements. To ensure the proper in- 
terpretation of the measurements the models should then 
be corrected accordingly. 

As long as the arcs are not too long (no clear bend- 
ing), the model correction consists in replacing the unre- 
solved dots of the double star by two disks at the same 
separation. Both disks have the same diameter. So, just 
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Fig. 6. Elongation of the two background source images 
for the microlensing event model (case 1) discussed in 
Sect. (3.3), and also shown in Fig. (4). The unlensed source 
diameter is 500 /zarcsec. The image elongation is shown at 
the moment of the smallest lens-source separation, and the 
largest magnification during the event. 

one parameter is added to the model. The cosine curve 
of Fig. ^ is modulated by a sine function related to the 
disk diameter. This parameter can be easily solved for, by 
taking more measurements at different baselines. In this 
case, the astrometric measurement is not affected. 

If the source-lens angular separation becomes small 
compared to the lens Einstein radius, the arc bending be- 
comes significant and a 2-dimensional model of the mi- 
crolensed image must be developed. The interpretation of 
the measurements is much more complex, and requires 
synthetic aperture imaging ( Shao fc Colavita 1992lj ). 



one measurement at a given time renders only one point 
on the visibility curve, and at least 2 points, at 2 differ- 
ent baselines are needed to constrain the curve given by 
equation 4 (2 parameters). The more points are observed, 
the more precise will be the separation measurement as 
the measurement error is random, and can be reduced by 
statistical methods. Depending on the required visibility 
measurement accuracy, the measurement points should be 
distributed over the full baseline range. With a 1% accu- 
racy, only 4 or 5 points distributed over a 40 m baseline 
should suffice for an accurate fit. 

Moreover, what is really measured is the separation 
of the image projected on the interferometer baseline. To 
have the absolute separation on the sky, at least 2 baseline 
orientations relative to the sky must be employed. 

The baseline coverage can be increased in 3 ways : 

— by using different telescopes forming different base- 
lines; this will be possible either by observing on subse- 
quent nights with different telescope configurations, or 
by using more than two telescopes in the same night; 

— by using the Earth rotation to let the projection of 
the baseline on the stellar separation vary slowly; a 
star can be observed for at most 8 hours per night 
— this represents a variation of the projected baseline 
between 1/3 and 2/3 of its absolute value; if the night 
observing time is reduced due to the low elevation of 
the object, the baseline range will also be reduced; 

— by measuring the binary image at different wave- 
lengths; indeed, the microlensing event is achromatic 
(the separation and intensity ratio does not depend on 
the wavelength) but the resolution of the interferom- 
eter depends on the wavelength; an observation made 
at 10 fim with a baseline of 130 m corresponds to an 
equivalent observation at 2.2 fim made with a 28.6 m 
baseline (assuming, of course, that the background star 
properties do not depend on the wavelength; as the 
source is usually far away and not resolved, a varia- 
tion of the source size or surface brightness with the 
wavelength can be neglected in most cases; moreover, 
the sources are mostly late type stars whose size does 
not vary with the wavelength between 1 and 2.5 mum). 



4. Observing procedure of a microlensing event 
by an interferometer 

In this section, we provide some general guidelines for the 
observation of microlensing events with a generic long- 
baseline interferometer. A more detailed discussion in con- 
nection with the ESO VLTI facility is presented in Sect. ||. 



4-.2. Astrometric measurements 

With astrometric observations, only 2 measurements per 
observation night are needed but the corresponding base- 
lines must ideally be perpendicular, or in pratice forming 
an angle larger than 30°, in order to measure both com- 
ponents of the photo-center wobble. 



4-.1. Visibility measurements 

During one night several observations at different times 
are required for the projection of image separation on 
the interferometer baseline to vary significantly. Indeed, 



4-3. Scheduling 

The interferometer will receive alerts from photometric 
survey programmes when a sufficiently bright microlens- 
ing event of interestingly long duration (several weeks or 



8 



F. Delplancke et al.: Micro-gravitational lensing observations with the VLTI 



more) begins. In the days following the alert, the interfer- 
ometer shall observe the lensed star several times during 
one night. The observation shall be repated at regular in- 
tervals throughout the duration of the event. 

5. VLTI capabilities 

In practice, there will be very few facilities capable of per- 
forming the measurements proposed in this paper, includ- 
ing the ESO VLTI, the Keck, and the CHARA interfer- 
ometers. The Keck interferometer will have access to only 
1 baseline at a time with its two 10 m mirrors. With the 
less sensitive outrigger 1.8 m telescopes two perpendicular 
baselines will be available simultaneously. The CHARA 
array (Center for High Angular Resolution Astronomy) 
will access simultaneously up to 6 telescopes giving multi- 
ple baselines up to 400 m long, but with a smaller telescope 
size (Im), and correspondingly less sensitivity. 

The ESO Very Large Telescope Interferometer (VLTI) 
is a unique instrument for the measurements of image sep- 
aration in microlensing events. When completed, the VLTI 
will provide 6 baselines with the high-sensitivity 8 m tele- 
scopes, and hundreds of baselines with the moveable 1.8 m 
auxiliary telescopes (several of which will be available dur- 
ing the same night). Science programs on the VLTI cover 
a very wide range, with no constraint to devote time to 
a specific key project. On the auxihary telescopes, 100% 
of the time will be available for interferometry. Finally, 
the southern location of the VLTI is ideal for observing 
targets in both the Galactic Bulge and the Magellanic 
Clouds, where most microlensing surveys are aimed. 

The VLTI is following a progressive implementation 
plan ( Glindcmann ct al. 2000 ). First light with the 40 cm 
siderostats has been achieved in March 2001. Unfortu- 
nately, such small telescopes cannot detect any microlens- 
ing event. The baseline coverage and expected sensitivity 
which will be implemented and achieved in various steps 
are summarized in Fig. |^ and Table 1. The instruments al- 
ready available or under construction include two near-IR 
and one mid-IR beam-combiners, namely VINCI, AMBER 
and MIDI. The mid-IR range is not ideal for the obser- 
vations proposed in this paper, and, hence, we will omit 
MIDI from the following discussion. 

The VLTI test instrument VINCI will soon (writing 
in mid-2001) be used on the 8m Unit Telescopes (UT). 
Atmospheric turbulence will limit the useful aperture to 
^2m, until an adaptive optics (AO) system will be avail- 
able. VINCI will be capable of measuring visibilities with 
an accuracy of 2%. Its limiting magnitude, with a 1.8 m 
collecting area, will be 8.3 in K-band. If an accuracy of 
5% is sufficient, the limiting magnitude increases up to 
K=9.8. This capacity will be available by the end of 2001. 
The available UT baselines will increase progressively from 
1 to 6. The Earth rotation increases the u-v plane cov- 
erage so that, even with only one baseline, microlensing 
measurements can be performed under favourable circum- 
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Fig. 7. Baseline coverage attainable with the various 
VLTI configurations, depending on the orientation of the 
image pair on the sky. The total baseline coverage is in 
light grey; the coverage attainable during 8 hours of ob- 
servation is in dark gray, and amounts to 2/3 of the light 
grey range and can slide on it. 

stances and with a carefully designed observation strategy 
(although exceptionally bright event would have to occur). 

In 2003, the first two 1.8 m AuxiUary Telescopes (AT) 
will be available, with the same limiting magnitude as that 
reached with the v ignetted UTs without adaptive optics. 
This will increase the number of available baselines, espe- 
cially due to the mobility of the ATs on the VLTI array. 
The array versatility and the dedication of the ATs exclu- 
sively to interferometry will represent a potential boost 
for microlensing studies, allowing to make measurements 
at each time a sufficiently bright event is detected. 

In the second half of 2002 AMBER will be installed 
and used, initially with the ATs, and later with UTs and 
AO. The availability of AMBER will render a limiting 
magnitude of about 10, with a visibility accuracy of 2%. 

In mid-2003, an AO system will be available for the 
UTs, so that the full aperture can be used in K-band with 
VINCI and AMBER. The corresponding limiting magni- 
tudes will then reach: 12.3 for VINCI with visibility accu- 
racy of 2%, 13.8 for VINCI with visibility accuracy of 5%, 
and 13.4 for AMBER with visibility accuracy of 2%. 

By the end of 2003, the PRIMA facility (Phase Refer- 
enced Imaging and Micro-arcsecond Astrometry) will be 
installed on the Unit and Auxiliary Telescopes. It will pro- 
vide two decisive advantages for measuring microlensing 
events, namely the capability to perform astrometry, and a 
large increase in limiting magnitude. Indeed, PRIMA will 
use a bright nearby reference star to stabilize the fringes 
on the target star. Longer integration times can then be 
used with all instruments and the limiting magnitude will 
increase. 

The reference star must be K< 10 mag with the ATs, 
and of K< 13 mag with the UTs. The science object lim- 
iting magnitude then increases to Kwl6-18 with the ATs, 
and 19-21 with the UTs, depending on the angular sepa- 
ration between the reference and science star. These will 
be the limiting magnitudes for microlensing observations. 
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However, for visibility measurements (on the science star), 
the accuracy will probably be slightly degraded by atmo- 
spheric effects like anisoplanaticity and seeing variation 



over time (Tango 1980). The expected visibility accuracy 
with PRIMA is about 5%. 

The expected performances of the VLTI in the next 
four years are summarized in Table ^ 

6. Probability of microlensing event observations 
by the VLTI 

As discussed in the previous sections, the characteristics 
of a microlensing event depend on a sufficiently large num- 
ber of parameters, that an estimate of the probability of 
observation by an interferometer must necessarily rely on 
a statistical approach. We have then chosen to use a suf- 
ficiently large, self-consistent list of microlensing events, 
and investigated how many among them could have been 
observed by the VLTI under one or more configurations. 

For this, we have used the OGLE database of mi- 
crolensing even t obse rvations towards the Galactic Bulge 
(Udalski et al. 200C). This includes 214 events observed 



between 1997 and 1999, for which the authors provide co- 
ordinates, baseline I-band magnitude, crossing time and 
amplification factors. The source coordinates fall approx- 
imately between —25° and —40° in declination, and are 
therefore ideally located for observations by the VLTI. 
One should also note that OGLE experiment is currently 
undergoing the camera upgrade (to an 8000^ 0.25 -pixel 
camera) and should begin in the summer of 2001 a new, 
more efficient monitoring program OGLE III (Udalski 
2001, private communication). The expected rate of dis- 
covery of gravitational microlenses should grow to about 
500 events per year, and our estimates for plausible num- 
ber of VLTI targets could be adjusted accordingly. 

The microlensing phenomenon is achromatic, however 
the brightness of the lensed source can vary substantially 
with wavelength depending on its spectral type. Since the 
database under consideration has only a scarce coverage 
in spectral bands other than I, we cannot infer directly 
the K-band magnitude of the listed microlensed sources. 
Instead, we have used the fact that most of the field stars 
are K and M giants, and chosen an average correction of 
/ — 1.5 mag, which would be appropriate for spectral 
types near MOIII. 

We have assumed two VLTI configurations, one in 
which the light is combined from two 8 m telescopes 
(UT) and one in which the auxiliary 1.8 m telescopes are 
combined (AT). Additionally, we have further considered 
whether an AO system is present and operating, or not. 
In all cases, we have considered that a fringe tracker is 
present and operating. 

The difference between the above configurations is of 
course in the limiting magnitude that can be achieved. We 
have assumed that a suitable source is always present to 
operate the fringe tracker. Considering that the limiting 



magnitude for the fringe tracker currently under develop- 
ment for the VLTI is around HwlS, this condition should 
always be satisfied in the direction of the galactic bulge at 
least in the case in which the dual-feed facility PRIMA is 
available. In this case, also the conditions for the operation 
of the AO system would be fulfilled. Under these circum- 
stances, we can adopt the magnitude limits presented in 
Sect. 4. 

The angular resolution is in principle set by the base- 
line, and we do not concern ourselves with it at this point. 

The number of objects that could have been detected 
in principle by the VLTI is listed in Table |l| for the dif- 
ferent configurations considered above. We have listed in 
two different columns the situations in which all events are 
considered, or only the best ones. In the first case, we have 
assumed a detection if the magnitude of the object, includ- 
ing 1/2 of the amplification effect, is within the quoted 
sensitivity limit. Under the best cases, we have considered 
those events in which also the actual baseline magnitude 
(i.e., in the absence of amplification) is within the quoted 
sensitivity limit, and in addition the characteristic cross- 
ing time is longer than 10 days. We consider this to be the 
minimum, for an event to be detected and recognized by a 
microlensing survey, and to be subsequently observed by 
the VLTI with at least two different baselines. Therefore, 
this definition of best cases includes those microlensing 
events which could in principle be observed by the VLTI 
during a large part of their evolution. 

Note that for the configurations with the highest sen- 
sitivity, the listed frequency of detections should be con- 
sidered as a lower limit only. This is due to the sensitivity 
limit of the available database. The faintest microlensing 
events detected by OGLE had a magnitude I~ 19.5 (with- 
out amplification). When corrected by the I—K color, this 
would be 1-2 mag brighter than the limit of some configu- 
rations of the VLTI, which could then in principle observe 
more objects than revealed by OGLE. 

At face value, our simple analysis implies that AO 
and/or the dual-feed facility are needed, and therefore 
practical observations could begin after 2003. However, 
the uncertainties in the assumptions (in particular for 
the I — K correction) are such that it is not impossible 
that a suitable event could be observed even earlier. In- 
deed, a spectacular microlensing event occured recently: 
OGLE-2000-BUL-43 involved a bright source star at /q = 
13.54 mag, and had a very long time scale Ie — 156 days 
(Soszyhski et al. 2001). If a similar event occurs in the 



near future it will be an ideal target for the VLTI already 
in the early stage of development of the facility. 

7. Conclusions 

We have presented and discussed the possibility of ob- 
serving microlensing events by means of a long-baseline, 
high-sensitivity interferometer such as the VLTI. Such ob- 
servations, which could be attempted in the course of 2002 
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Table 1. VLTI configuration schedule and predicted statistics of microlensing detections 



Date 


VLTI configuration 


Limiting mag. 


Baselines 


Detections /year 






K 




all 


best 


mid-2001 


2 UT (tip-tilt) -f VINCI 


8.3 - 9.8 


1 








end-2001 


4 UT (tip-tilt) + VINCI 


8.3 - 9.8 


6 








end-2002 


UT (tip-tilt) or AT + AMBER 


9.6 - 10.3 


numerous 








mid-2003 


UT + AO -f- VINCI 


12.3 - 13.8 


numerous 


7.7 


3.0 




UT AO -f AMBER 


12.9 - 13.4 


numerous 


4.7 


5.0 


mid-2004 


PRIMA -1- AT -f VINCI 


13-15 


numerous 


19.0 


15.3 




PRIMA -1- UT -1- VINCI 


16-18 


numerous 


>63.3 


>61.3 




PRIMA AT 4- AMBER 


16.4 - 17.0 


numerous 


60.0 


44.0 




PRIMA + UT + AMBER 


19.6 - 20.1 


numerous 


>63.3 


>61.3 




PRIMA 4- AT -f astrometry 


18-19 


numerous 


>63.3 


>61.3 



and become efficient by 2003/2004 with the availability of 
adaptive optics and the dual-feed facility, should permit to 
disentangle the degeneracy of parameters which currently 
limits the possibility to determine directly the mass and 
distance of the gravitational lens. 

In particular, interferometric observations should al- 
low us to measure the actual separations of the lensed 
images, which is typically at the 1 milliarcsecond level, 
and to monitor their motion during the evolution of the 
phenomenon, either relative to each other or possibly to a 
fixed reference source. 

We have discussed a possible observational strategy 
and the foreseen performance of the VLTI with its vari- 
ous subsystems for this kind of studies. We have also com- 
pared such performance against a database of observed 
microlensing events obtained from the OGLE experiment. 
The conclusion is that a very significant number of mi- 
crolensing events could be observed in principle by the 
VLTI. We stress the importance of prompt alerts, and of 
near-IR photometry of the microlensing events. 
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